The current ISO 4572 Multipass Filter Test Procedure has not been substantially revised since its approval as an ISO document in 1981. However, proposed revisions will likely be adopted shortly which will have far-reaching impact in liquid multipass filter testing and for virtually all industrial applications. These revisions include the adoption of a new test dust to replace the discontinued AC Fine Test Dust (ACFTD), a revised particle counter calibration procedure using National Institute of Standards & Technology (NIST) traceable calibration fluid, a new on-line particle counter, sample delivery and dilution system validation procedure, and a new reporting format. These changes result in a new definition for assessing and rating filter performance.
Introduction
The Beta Ratio derived from the multipass test method for liquid filters has become a primary means of rating the particle separation efficiency and contaminant removal capability of a liquid filter at a single particle size. [1] This rating originates from a preceding test standard to ISO 4572 (1981) [2] called the OSU-F-2 test. [3] By definition, the Beta Ratio (or filtration ratio as used in ISO 4572) of a filter at a specific particle size is "the ratio of the number of particles greater than a given size (µm) in the influent fluid to the number of particles greater than the same size (µm) in the effluent fluid." [2] Determining the Beta Ratio of a filter is a matter of precise control of test materials and conditions described in the ISO 4572 test standard. One can expect that if test materials and test conditions change, so will the Beta Ratio of a filter. Change in Beta Ratios is exactly what will happen with changes proposed in the test conditions to the ISO 4572 test standard as documented in ISO/DIS 4572. This standard will become ISO 16889 when approved. [4] Recent technological developments in the areas of contaminant description, particle counter calibration and automation of test equipment compelled changes to the ISO 4572 test standard. The most significant of these developments is a coming change in the particle counter calibration procedure used to calibrate the liquid particle counters for use in the ISO 4572 filter test procedure. This calibration procedure is ISO 4402. [5] 
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and will be a National Institute of Standards and Technology (NIST) traceable, Standard Reference Material (SRM). This and other changes will result in a more accurate and repeatable test method even though the changes may produce confusion and frustration in the filter industry during a short transition period.
It is the authors' hope that this paper will help justify the changes and ease the transformation from a good filter test standard to a better filter test standard. The proposed changes are presented in the following sections on test materials, test equipment, and data collection and reporting.
Proposed Changes of Test Materials
Following are proposed changes to the test materials used in the ISO 4572 test procedure.
Test Dust
One source of variability with multipass test data in the past was with the test dust, ACFTD. This test dust was specified for use in ISO 4572 and the OSU-F-2 test since the early 1970's. The use of this test dust has been a long-standing topic of discussion at the various industry standards committees overseeing filtration test standards. The variability in the particle size distribution of ACFTD from batch to batch below 10 microns was reported to be most variable. The manufacturer, in fact, decided to discontinue its test dust manufacturing operations, including the manufacturing of ACFTD, partially as a result of its inability to control dust consistency.
With ACFTD no longer manufactured and the industry stock piles dwindling, the National Fluid Power Association (NFPA) committee on contamination, NFPA T2.9, adopted a commercially available replacement test dust. This dust has been internationally accepted, and is an international standard which standardized the supplier's manufacturing process. [6] The new test dust called "ISO Medium" is similar to ACFTD in that it is a silica material. [7] The particle size distribution, compared with ACFTD, is shown in Table 1 .
Note: The particle counts shown in Table 1 were generated from particle counters calibrated to ISO 4402 using ACFTD (Batch 169) suspended at 5 mg/L in MIL-H-5606 fluid. These particle counts were not generated in accordance with ISO/DIS 4402 [8] calibration procedure discussed below.
As indicated from the particle size distribution comparison in Table 1 , ISO Medium has slightly more particles at 1 mg/L concentration, particularly below 20 microns. The number of particles at and greater than 20 microns is about the same as ACFTD. What this means from a filter test standpoint is that filters will be challenged with more smaller particles with ISO Medium than with ACFTD. Differences in filter test data have generally shown the same efficiency of particle removal as compared to ACFTD but higher capacity for liquid filters, but the reverse has also been known to occur.
Calibration Fluid
ISO 4572 requires calibration of particle counters per ISO 4402. [5] Accurate and consistent calibration directly impacts Beta Ratios. With ACFTD no longer available, ISO 4402 will also be changed to require the use of ISO Medium dust for calibration fluid.
Most laser-light particle counters size particles by reading a millivolt level of light reflected or blocked from a particle passing between a light source and the sensor of the counter. Particle counters are calibrated by passing a sample of calibration fluid containing a contaminant, such as dust or latex spheres, having a "known" particle size and/or count. As the calibration fluid is passed between the light source and sensor, the counter is adjusted to read the particle sizes and number of particles greater than those sizes based upon the "known" distribution and concentration. Once calibrated, the counter can then be used to generate particle counts for the upstream and downstream samples from the multipass filter test, resulting in a Beta Ratio for all particle sizes counted.
The analysis performed on ACFTD years ago to determine its "known" distribution was based upon microscopic particle counting. While microscopic particle counting was the best technology available at the time, more advanced analyses with greater accuracy are now available.
With the variability of ACFTD resulting in Beta Ratio variability, the NFPA T2.9 committee recognized that the adoption of a new calibration fluid standard was an opportunity to also improve the particle counter calibration procedure. The objective was to develop an NIST traceable, SRM for the calibration fluid. The project was proposed and accepted by NIST, and Fluid Technologies, Inc. (FTI), an SPX Filtran business, was chosen as the sole supplier of the test dust in oil suspension that would become the NIST SRM.
With the advanced particle measurement technology available at NIST and the contaminant handling and analysis expertise available at FTI, an extensive analysis effort was performed to better define ACFTD and ISO Medium particle sizes. By using advanced particle counting techniques such as electron microscopy, image analysis, and optical particle counting, NIST found: 1) The ACFTD particle size distribution is not accurately defined by microscopic analysis;
2) Light-based particle counters were not set to read particle sizes accurately due to the inaccuracy of the microscopic counts of ACFTD; and
3) The calibration fluid produced by FTI using ISO Medium dust will qualify as an SRM with a coefficient of variance less than 2% for less than 10 micron particles and 6% across the full particle size range for a batch of 300, 500 milliliter bottles. (SRM 2806 is the NIST reference number assigned to the fluid.) [9] Table 2 provides a general correlation between the ACFTD particle sizes and the new proposed ISO/DIS 4402 particle sizes based on ISO Medium dust and the NIST analysis. (The reader should note that at the time of publication, the data in Table 2 was correct. NIST may update these numbers by the time the SRM is available for purchase.) [10] Table 2 shows that what was defined as, for example, a 2 µm particle of ACFTD was and always has been a 4.6 µm particle, and what was defined as a 15 µm particle was, in fact, a 13.6 µm particle.
The impact this analysis will have on filter Beta Ratios is generally understood. First, since 2 µm was the smallest particle most light-blockage counters claimed to measure in oil based on an ACFTD calibration, the smallest particle they will be able to read with an ISO Medium calibration is 4.6 µm. Light-scattering counters generally have a lower noise level threshold and will likely be able to read sizes smaller than 4.6 µm. In any event, filter Beta Ratios below the redefined particle size limits of a particular counter technology will not be possible unless there are advancements in particle counter technology.
Second, fine filters (approximately 10 µm filters and below) will appear less efficient than before and coarser filters (above 10 µm) will appear more efficient. NOTE: There is no change in actual filter performance, only particle size definitions have changed. Figure 1 plots one company's apparent Beta Ratio and Efficiency vs. Particle Size correlation between the ACFTD distribution and the ISO Medium distribution based on the NIST analysis for three types of filters.
Note: The NIST plots in Figure 1 are theoretical plots based upon the expected data shift resulting from the new ISO/DIS 4402 [8] calibration and are not based upon actual test data.
Antistatic Additive
Another source of multipass test variability has been the build-up of static electricity in test systems. A debate exists as to how to avoid the effects of static build-up on filter performance. One thought is to add an antistatic additive to the test fluid. An opposing thought is to control lab conditions and fluid condition to minimize static build-up. As a compromise between the two positions, a revision to ISO 4572 is proposed to simply recommend the conductivity of the test fluid be measured and maintained within a range of 1,000 to 10,000 pS/m. A notation is made that test results may be effected if an antistatic additive is used. [4] Other subtle changes to test materials and their handling are proposed in ISO/DIS 4572 and the reader is encouraged to review it further.
Proposed Changes Of Test Equipment
Following are proposed changes to the test equipment required.
On-Line Particle Counting Calibration
In the 1981 version of ISO 4572, test fluid sampling to obtain the upstream and downstream particle counts was allowed to be accomplished by either on-line sampling with the particle count analysis also performed on-line or bottle [10] sampling with the particle count analysis conducted independent of the test stand using a counter-top batch particle counter. The bottle sampling method is conducted per ISO 4021 covering the extraction of fluid samples from an operating system and the particle count analysis is conducted per accepted procedures. [11] The proposed changes to ISO 4572 will not allow the bottle sampling method to be used. Therefore, Multipass Filter Test Stands will require the capability to perform particle counting on-line. There are two primary reasons to justify this change:
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Figure 1 ONE COMPANY'S APPARENT PARTICLE REMOVAL CHARACTERISTICS OF THREE TYPES OF FILTERS AS EXPECTED USING THE ACFTD AND NEW NIST CALIBRATION METHODS
1. The variability with particle counts associated with bottle cleanliness, sample extraction and sample preparation are avoided by using on-line counting.
2. The improvement in test automation and particle counting technology in recent years makes on-line particle counting reliable and cost effective (Figure 2) .
In addition to these two justifications, some test labs today already use on-line particle counting, and upgrading test systems that don't have on-line particle count capabilities is cost effective.
With the new multipass filter standard, the on-line particle counting system must meet a stringent calibration and validation process standardized by ISO/DIS 11943. [12] Only test stands meeting the yet-to-be approved ISO 11943 requirements will qualify to perform the ISO 4572 test. The requirements of ISO/DIS 11943 can be classified into three distinct efforts.
• First it requires a primary calibration of the particle counter sensors used in the on-line system.
• Second is the validation of the on-line system's ability to maintain controlled contaminant suspension and sample delivery conditions and a secondary calibration of the particle counter sensors.
• Third is the validation of the on-line dilution system if one is used.
Regarding the calibration of the particle counter sensors, primary calibration is performed to the ISO/DIS 4402 requirements discussed above. When two sensors are used in the system (one upstream and one downstream), a primary calibration is to be conducted on both sensors upon installation of new sensors, upon major service of the system, or at the manufacture's recommended calibration frequency.
Between primary calibrations, secondary calibrations are required after each primary calibration and at least every three months or when particle count discrepancies occur. The secondary calibration is required only on one sensor if two are used and both have had a primary calibration. The second sensor is then matched to the other. This is performed in conjunction with the validation of the on-line sample delivery system. [12] 
Proposed Changes of Data Collection and Reporting
Following are proposed changes to test data collection and reporting:
Reporting Times
With the automation of test systems and particle counters, it is now possible to collect data continuously (as frequently as every 30 seconds with test equipment manufactured by at least one manufacturer) and select from a data file only that data that is of interest. In the current ISO 4572 standard, data is reported at five points during the test at which either a stated time has elapsed or a predetermined pressure drop point is reached. For instance, data is to be reported at 20% and 80% of the terminal pressure drop. The typical time it takes to go from 0% to 20% is much longer of a time than it takes to go from 80% to 100%, even though both ranges cover only 20% of the terminal pressure drop. This time inequality results in a significant amount of data taken but not reflected in the final Beta Ratios of a filter.
To address this, a change is included to collect data throughout the test and report at 10 equal time intervals based on total test time (e.g., every 10 minutes for a 100 minute test, or every six minutes for a 60 minute test, etc.). The particle count data presented at each interval is the average of all particle counts taken between the intervals. This approach gives equal weight to data taken throughout the test. This will also mean that a Beta Ratio at a particular size will be determined by using data from 10 equal points during the test rather than five predetermined points and, thus, will be based on more data. [4] 
Conclusion
The Beta Ratio for a liquid filter determined by the ISO 4572 Multipass Filter Test Method has became the international standard for determining the contaminant removal characteristics of a liquid filter. Literally thousands if not hundreds of thousands of these tests are performed annually worldwide. Filter purchasing decisions are often made after considering the Beta Ratio test data. Thus, changes made to the ISO 4572 test standard will have far-reaching impact on the filtration industry. Filter manufactures and users will benefit by becoming knowledgeable of the proposed changes to ISO 4572.
The most important and far reaching of the proposed changes involve the test dust used in the test and the use of a new, NIST Standard Reference Material calibration fluid for calibrating particle counters used for the test. The combination of these and other changes will result in more accurate, repeatable test data. Test data on fine filters (10 µm and below) will generally show those filters to be less efficient and coarser filters (above 10 µm) will appear more efficient. In reality, however, the filters are performing the same but the particle size data is more precisely represented.
Understanding these changes will be critical to easing the AUTOMATED  MULTIPASS  FILTER/MEDIA TEST  STAND WITH AN ON-LINE PARTICLE  COUNTING SYSTEM transition from the current ISO 4572 test standard to the ISO/DIS 4572 once the revisions are formally approved. Such approval may be several months away if not one year or more, but the benefits resulting from the revisions will improve the ISO 4572 test standard significantly. Filter manufactures and users will benefit by learning of the revisions and the impact on the industry to ease the transition.
